23 24 65 non-selective pacing (myocardial capture threshold < His bundle capture threshold) 66 was discovered and physiology behind it explained. 67 68 69
2 Abstract (300) 25 Background 26 During permanent non-selective (ns) His bundle (HB) pacing, it is crucial to confirm HB 27 capture / exclude that only right ventricle (RV)-myocardial septal pacing is present. Because 28 the effective refractory period (ERP) of the working myocardium is different than the ERP of 29 the HB, we hypothesized that it should be possible to differentiate ns-HB capture from RV- 30 myocardial capture using programmed extra-stimulus technique. 31 Methods 32 In consecutive patients during HB pacemaker implantation, programmed HB pacing was 33 delivered from the screwed-in HB pacing lead. Premature beats were introduced at 10 ms 34 steps during intrinsic rhythm and also after a drive train of 600 ms. The longest coupling 35 interval that resulted in an abrupt change of QRS morphology was considered equal to ERP of 36 HB or RV-myocardium. 37 Results 38 Programmed HB pacing was performed from 50 different sites in 32 patients. In 34/36 cases 39 of ns-HB pacing, the RV-myocardial ERP was shorter than HB ERP (271.8±38 ms vs 40 353.0±30 ms, p < 0.0001). Programmed HB pacing using a drive train resulted in a typical 41 abrupt change of paced QRS morphology: from ns-HB to RV-myocardial QRS (34/36 cases) 42 or to selective HB QRS (2/36 cases). Programmed HB pacing delivered during 43 supraventricular rhythm resulted in obtaining selective HB QRS in 20/34 and RV-myocardial 44 QRS in 14/34 of the ns-HB cases. In RV-myocardial only pacing cases ("false ns-HB pacing", 45 n=14), such responses were not observed -the QRS morphology remained stable. Therefore, 46 the PHB pacing correctly diagnosed all ns-HB cases and all RV-myocardial pacing cases. 47 Conclusions 48 3 A novel maneuver for the diagnosis of HB capture, based on the differences in ERP between 49 HB and myocardium was formulated, assessed and found as diagnostically valuable. This 50 method is unique in enabling to visualize selective HB QRS in patients with otherwise 51 obligatory ns-HB pacing (RV-myocardial capture threshold < HB capture threshold). The aim of this study is to assess a novel method for confirmation of HB capture 89 during non-selective pacing. We hypothesized that since effective refractory period (ERP) of 90 HB is different from the ERP of the RV myocardium, it should be possible to differentiate The effective refractory period was defined as the longest coupling interval between 119 the last stimulus of the drive train and the premature stimulus that failed to depolarize the 120 tissue. Relative refractory period was defined as the longest coupling interval that resulted in 121 prolonged conduction as evidenced by QRS prolongation or stimulus-QRS interval 122 prolongation. 123 All patients gave written informed consent for participation in this study and the 124 Institutional Bioethical Committee approved the study protocol. The major finding of the current study is that the programmed HB pacing maneuver is 172 able to reliably differentiate non-selective HB capture from RV-myocardial pacing. 173 Diagnostically correct response was observed in all cases of ns-HB pacing, because ample 174 difference in refractory times between HB and RV myocardium was present in every studied 175 patient. Classic studies on the refractoriness of the human heart provide concordant data with 176 regard to the difference in refractory times between the HB and RV myocardium. 8 It seems 177 that this electrophysiological characteristics of the heart can be relied upon -for diagnostic 178 purpose -in patients with permanent HB pacing. 179 The second important and novel finding of this study is that the programmed HB 180 pacing method is uniquely capable of visualizing selective HB QRS morphology in cases 181 where this seemed impossible, i.e. when RV-myocardial capture threshold is lower than the 182 HB capture threshold leading to obligatory RV capture during HB pacing. We believe that 183 this interesting phenomenon of bringing out selective HB QRS complex can be explained by 184 the altered activation sequence when premature stimulus is delivered after slower native 185 supraventricular rhythm vs. after the faster basic drive train paced QRS. This is explained 186 graphically on Figure 4 . Briefly, when an extra-stimulus is delivered during supraventricular 187 rhythm, the RV coupling interval is shorter than HB coupling interval. This is because HB is revision is much more serious. We believe that the programmed HB pacing maneuver and the 217 principle behind it are the needed solution to this problem. We found that programmed HB 218 10 pacing is useful for making the diagnosis of HB capture in ambiguous cases and for providing 219 additional evidence of HB capture in the remaining obligatory ns-HB pacing cases by 220 visualizing selective capture QRS. It is worth to note that the diagnostic value of a selective 221 HB paced QRS exceeds that of any ns-HB paced QRS even when QRS morphology change is 222 observed with differential pacing output technique. Programmed HB pacing assures the 223 operator that the acute endpoint of the procedure was unquestionably achieved. 224 Programmed HB pacing method is not limited to use in the electrophysiology 225 laboratory only, as it can be delivered from an implanted pacemaker as well, using the 'non- Other methods to differentiate ns-HB capture from septal myocardial capture 240 We are not aware of any validated method for differentiation between ns-HB capture 241 and RV myocardial capture other than assessing changes in retrograde conduction. 7,9
242
Although we did not assess VA conduction times in this study, this method has several 243 11 limitations. First, in the most common scenario when an additional method is needed, i.e. no 244 QRS morphology change with differential output due to similar capture thresholds, there also 245 would be no change in VA conduction time. Second, in our experience, the majority of 246 patients undergoing HB pacemaker implantation either have permanent atrial fibrillation or no 247 1:1 VA conduction, which precludes application of this method, as well.
248 249 12
Limitations of the study 250 A relatively small number of patients were included, however, the observed responses 251 were absolutely repeatable and consistent in the whole studied group, and the physiological 252 explanation behind the observed responses is theoretically sound. We believe that the studied 253 cohort was large enough to provide the necessary 'proof of concept' for the programmed HB 254 pacing maneuver while 'real life' clinical usefulness needs to be shown in a bigger cohort. 255 Based on our observations, the incidence of identical RV and HB capture thresholds in 256 patients with ns-HB pacing is less than 10%. This was not implicitly assessed in this cohort. 
